A recent experiment performed by S. Afshar [first reported by M. Chown, New Sci. 183:30, 2004] is analyzed. It was claimed that this experiment could be interpreted as a demonstration of a violation of the principle of complementarity in quantum mechanics. Instead, it is shown here that it can be understood in terms of classical wave optics and the standard interpretation of quantum mechanics. Its performance is quantified and it is concluded that the experiment is suboptimal in the sense that it does not fully exhaust the limits imposed by quantum mechanics.
Introduction
Bohr's principle of complementarity of quantum mechanics characterizes the nature of a quantum system as being dualistic and mutually exclusive in its particle and wave aspects [1] . In the famous debates between Einstein and Bohr in the late 1920's [1] complementarity was contested but finally the argument has settled in its favor [1, 2] . Some forty years later Feynman stated in his 1963 lectures quite categorically that "No one has ever found (or even thought of) a way around the uncertainty principle" [3] .
Some recent discussions centered on the question of whether the principle of complementarity is founded on the uncertainty principle [4] [5] [6] [7] [8] [9] [10] [11] [12] . Irrespective of whether one does [6-8, 10, 13, 14] or does not [4, 9, 12] subscribe to Feynman's point of view that complementarity and uncertainty are essentially the same thing [13, 14] , there is agreement that the principle of complementarity is at the core of quantum mechanics.
Steps towards the quantification of the principle can be found in Refs. [15] [16] [17] [18] , they have been extended by a formulation using the visibility, V , of interference O. Steuernagel ( ) School of Physics, Astronomy and Mathematics, University of Hertfordshire, Hatfield, AL10 9AB, UK e-mail: O.Steuernagel@herts.ac.uk patterns to quantify the wave nature of quantum particles and the difference between their path detector state overlaps as a measure, D, of their particle nature. Together, these give rise to an inequality
derived by Englert in Ref. [12] . Here, this inequality will be taken as the basis for a quantitative discussion of the principle of complementarity. A recent laser experiment performed by S. Afshar has been presented as a possible counterexample to the principle of complementarity in quantum mechanics, in particular inequality (1) was supposedly violated [19] [20] [21] . Since some confusion has arisen in the context of the interpretation of Afshar's experiment [22-29] 1 a wave-optical analysis (using plane waves) is given to explain the mechanism of the experiment and derive the scattering amplitudes for all partial waves involved. Subsequently, these amplitudes are used to quantify equation (1) and demonstrate that, far from violating the principle of complementarity, the Afshar experiment is less than optimal in the sense that it does not fully exhaust the limits of quantum mechanics prescribed by inequality (1).
Afshar's experimental setup, procedure, and interpretation are introduced in the next section. The wave optical analysis in Sect. 3 is subdivided into an informal description of the experiment in Sect. 3.1 and a quantitative analysis of the scattering amplitudes in Sect. 3.2 and their effects on the observed intensities. After that a quantification of the principle of complementarity is derived for experiments with a setup like that of Afshar's in Sect. 4. Then, in Sect. 5, the specific setup of Afshar's experiment, as presented in Ref. [21] , is analyzed to prove our conclusion: Afshar's experiment does not 'violate quantum mechanics'.
Afshar's Experiment and His Interpretation
Stages of the experiment: in stage (i) of the experiment, see Fig. 1 , the grid G is not present. In this stage only one slit is left open, therefore, only the corresponding detector gets illuminated. Opening of the other slit (and illuminating the other detector simultaneously) does not change the image at the first detector.
In stage (ii) the setup is modified by inserting the grid G directly in front of the lens L, as shown in Fig. 1 . The grid is carefully positioned in such a way that the grid wires sit at the minima of the interference pattern (which can be checked by inserting a screen at the position of G and opening the second slit). It is then observed that if one of the two slits is blocked the image of the remaining open slit is strongly modified due to the presence of the grid. The wires of the grid reflect and diffract the light, this leads to a reduction of the intensity and introduces the formation of stripes in the image of the slit [19] [20] [21] . Note that the positioning of the grid at the minima of the interference pattern implies that it constitutes a carefully matched grating that reflects little of the passing light but will always diffract some of it.
